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Imagine that you get involved in a horrible car accident and you need a transplant to survive but there is no suitable donor to be found. However, you don’t have to be worried about your survival anymore because the new organ is already waiting for you. Scientists have grown it in laboratories from a specific kind of cells.

Believe it or not, the foregoing situation doesn’t have to be an impossible and dreamy thing in near future. Biologists and medics have been performing research on human embryonic stem cells for a few years now. Not only did they learn how to cultivate them in a way that they survive almost unchanged many and many months, they even discovered the possibility to differentiate them to whatever type of cells and, furthermore, to layers of tissue they wish.

Does it sound to you too sweet and easy to be true? Well, the research actually is in progress but the road to complete organs is far from built. Not surprising when it encounters many obstacles to be beaten.

To choose the major one, these cells need to be cultivated for a long time so that we can gather a big amount of them, necessary for transplants. The cultivation is run in very strict conditions and requires maintaining of body-like temperature, refreshing nutrient media regularly and keeping the environment in boxes perfectly sterile.

Before we talk more about the details of the cultivation, let’s dedicate a few words to stem cells themselves. Their difference and the biggest advantage at the same time lie in two absolutely unique attributes – ability of self renewal (infinite division) and potency (possibility of differentiation into one or more various type of cell types). There are many kinds of stem cells, which use to be divided by the second trait and the location in organism. For example somatic (adult) stem cells, coming into use especially after injuries, hide in almost every tissue ready to reproduce and replace defeated or missing individuals. In distinction with the following ones, they can create a single cell type only. The cells derived from bone marrow differentiate into more cell types as they generate all blood elements. Besides these two kinds there exist human embryonic stem cells (hESC) which, regarding their potency, offer nearly endless possibilities. The thing is that we speak about cells standing at dawn of human prenatal development, step by step creating every single cell and forming every single tissue in our body (this ability is called pluripotency). They are found in 5 days old embryo, from where we isolate them and then cultivate them in a special environment of in vitro. It tries to simulate the uterus conditions as accurately as possible and therefore the cells cannot accidentally evolve or differentiate on their own.

However, it is the earlier mentioned necessity of long-term cultivation that puts scientists around the world into trouble. The environment of in vitro does not provide perfect conditions and has a negative influence on the cultivated cells which must adjust to survive. This bears along a need of changes in their DNA – commonly known as mutations. And you surely understand that mutated cells can hardly be transplanted. The body would have difficulties accepting them; and if it ever did, a potential patient would risk serious health issues or even cancer.

Lately, we have been trying to solve this unpleasant circumstance by cryopreservation, a method of gradual consecutive freezing in liquid nitrogen (down to -196 °C) causing temporary stasis of all its vital functions, even the ones leading to mutation genesis. Problem solved? No way. If you wonder where the catch is, it lies in the thawing procedure. Just picture the shock the cells have to be exposed to during going from hibernation to 37 °C. Here we encounter the same problem another time – a fraction of individuals not having died escapes unharmed and unchanged; the rest of survivors is forced to adapt to the infernal conditions. And again: in a way of suffering mutations.

Now, let’s carry over from theory to praxis. Few months ago, we performed a research when we measured the frequency of mutations to figure out how convenient method the cryopreservation is in comparison to standard in vitro cultivation. 

Let me help you imagine the process of the experiment at first. To begin with, the frequency of more or less natural mutations appearing in ordinary cultivation was measured so it would not be considered as a consequence of cryopreservation. Then the sample underwent freezing in a media containing special protective substances (so called cryoprotectives). After several days the cells were thawed and their DNA mutation rate counted again.

Primary results were kind of shocking. They showed that the cryopreservation had stimulated the mutation frequency upraise tremendously – it had risen its number ten times! However, these results are preliminary and we cannot doom this method just on their basis as it was only a single experiment. To evaluate cryopreservation objectively, we have to initiate a continuous series of experiments as a part of consistent research.

Even though it was a single experiment, it sort of gives us a hint for future – the results point out necessity to devote more attention to the problematic of stem cells storage, find better overall conditions and develop more efficient cryoprotectives.

No matter how deep crinkles on scientists’ faces struggling with long-term cultivation makes, hESC certainly stand for one of the brightest and most promising perspectives for the future of regenerative medicine. A few years ago, after injection of hESC to its embryo, a pig with a human heart was born, and furthermore, the vital organ was then successfully transplanted to human body. Taking this fact under consideration, we can surely imagine the ultimate potential of stem engineering. The success might not come tomorrow but it won’t take centuries either. Patience is a key – just wait and see what these tiny miracles are capable of. Maybe, they will save your lifesomeday.
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